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1 Introduction 



There has recently been a rise in interest in studies of CEP processes in high- 
energy proton-(anti)proton collisions, both theoretically and experimentally, 
see e.g. [THE]. The CEP of an object X may be written in the form 

PP(p) -> P + X + p(p) , (1) 

where + signs are used to denote the presence of large rapidity gaps. An 
important advantage of these reactions is that they provide an especially 
clean environment in which to probe the nature and quantum numbers of 
new resonance states, from 'old' SM mesons to BSM Higgs-like particles 
(see, for instance 0, [TUHT5] ). One important example is the CEP of the 
Higgs boson, which is at the heart of the FP420 LHC project [H], proposing 
to complement the ATLAS and CMS experiments by additional near-beam 
proton detectors 420m away from the interaction region. This subject has 
become especially topical nowadays, after the LHC discovery of a new ~126 
GeV Higgs-like boson [15J. The forward proton technique is exceptionally 
well suited for the investigation of crucial identification issues such as the 
spin and CP parity and the bb coupling of the newly discovered object. This 
approach is complementary to the mainstream strategies at the LHC, and 
could be useful for the studies of heavier Higgs-like particles expected in 
BSM theories [TTJ. It is worth recalling that the observation of even a few 
events corresponding to the CEP of a Higgs-like particle would confirm its 
++ nature, with the 0~ + , 2~ + and 2 ++ (in the case of minimal coupling to 
gluons) assignments being strongly disfavoured ^2 |IT6T - [T8] . 

Note also that the correlations between the outgoing proton momenta in 
the CEP mode would provide a unique possibility to hunt for CP-violation 
effects in the Higgs sector [JJ5]. A promising program of QCD and new 
physics studies is under discussion in the framework of the AFP [5j [7] and 
HPS, Stage 1 [4] upgrade projects, which would allow an investigation of 
the region of centrally produced masses around 200-800 GeV, using proton 
detectors stationed at ~220m and ~240m from the interaction points of 
ATLAS and CMS, respectively. 

As discussed in [T0j[20], the CEP of, for instance, 77, dijets, heavy (c, b) 
quarkonia, new charmonium-like states or meson pairs with sufficiently large 
p± can serve as 'standard candle' processes to benchmark predictions for new 
CEP physics, as well as offering a promising way to study various aspects of 
QCD. The expected cross sections and final-state particle distributions are 



1 



fg( x ir--) 




fg(x2,---) 

Figure 1: The perturbative mechanism for the exclusive process pp — > p + 
X + p, with the eikonal and enhanced survival factors shown symbolically. 



determined by a non-trivial convolution of the hard amplitude T and the 
so-called soft survival factors S 2 , defining the probability that the rapidity 
gaps survive soft and semi-hard rescattering effects [T|l2Tj . This is modeled 
in the SuperCHIC Monte Carlo [22], which allows for an exact generation on 
an event-by-event basis of the distributions of the final-state particles. 

In 2007 CDF published a search for 77 CEP [23] at the Tevatron, with 
E±_{pf) > 5 GeV. Three candidate events were observed, in agreement with the 
expectation of [21] . Subsequently, to increase statistics the E±(j) threshold 
has been decreased to 2.5 GeV, and in [25] the observation of 43 77 events in 
|?7(7)| < 1.0 with no other particles detected in —7.4 < r\ < 7.4 was reported, 
which corresponds to a cross section of cr 77 = 2.48^35 (stat)^;^ (syst) 
pb. The theoretical cross section, calculated using the formalism described 
in [10l|23] and implemented in the SuperCHIC MC generator [22], is 1.42 pb 
using MSTW08LO PDFs [26] and 0.35 pb using MRST99 (NLO) PDFs [22] 
(a comparison with a wider range of PDF sets is made in [28J), while the p±, 
A(p and invariant mass distributions of the 77 pair are well described by the 
MC. 

The LHCb Collaboration has reported preliminary results |29j on the CEP 
of Xc mesons in the \ c — >• J/tp + 7 channel with vetoing on additional activity 
in the rapidity region 1.9 < i] < 4.9, and some sensitivity to charged particles 
in the backwards region —4 < 77 < —1.5 [29J. While the Xc(o,i) data are in 
good agreement with the CEP predictions, the observed \c2 rate is somewhat 
higher. However, as discussed in [20], the LHCb data include a contribution 
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of events with proton dissociation, which favour the production of higher spin 
Xc(i,2) states, with the Xc2 yield being particularly enhanced. However a more 
accurate account of the effects caused by the un-instrumented regions in the 
LHCb experiment [29] requires more detailed quantitative studies. In [29] a 
cut of p± < 0.9 GeV on the yU + /i~ system is placed, which will reduce the 
contribution from in particular higher mass proton dissociation (i.e. with 
larger k± transferred through the t-channel). Such contamination would 
be expected to particularly enhance the Xc2 cross section, which we recall 
increases as ~ (p 2 ±) 2 - As discussed in [28], with the higher statistics that 
will come with future data, a detailed study of the p±(xc) dependence of the 
cross section ratios 0"(x c (i,2))/°'(Xco) would shed important light on this. As 
the p± of the central system decreases, any contamination from events with 
proton dissociation should decrease and we would expect the cross section 
ratios to become more consistent with the exclusive predictions. 

Another way to clarify the situation (see [61 [101 HZl [30] ) is to consider 
other decay modes, for instance the observation of Xco CEP via two-body 
channels (n + 7r~, K + K~, pp,...). Considering the case of Xc — vr + 7r~ CEP 
for example, while the Xco cross section is of the same size as in the Xco 
J/ijjj — > /U + /i~7 channel, the fact that the Xc(i,2) two-body branching ratios 
are smaller (or even absent for the Xci) than for the Xco, ensures that the 
J z = selection rule [T6|[3"T] is fully active. However, here we may expect 
a sizeable background from direct QCD tt + it~ production. This process can 
be modeled in two different ways: for low invariant mass and/or transverse 
momentum final states a 'non-perturbative' mechanism, calculated using the 
tools of Regge theory, should dominate, while the high k± tail of the n + 7T~ 
CEP process should be generated by a purely pQCD-mechanism. We shall 
consider both of these mechanisms in more detail below. 

2 Meson pair production 

2.1 Non— perturbative CEP mechanism 

For the non-perturbative contribution we expect a picture of the type shown 
in Fig. [2] to dominate. For such a mechanism, the meson (7r + 7r~...) pair is 
created via double-Pomeron exchange, with an intermediate t-channel off- 
shell meson. The amplitude is calculated in [20] . The CEP matrix element is 
given by M = M^ + Mu, with t— (Pi — k 3 ) 2 , u— (Pi — k 4 ) 2 , where Pi is the 
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Figure 2: Representative diagram for the non-perturbative meson pair (Ms, 
Mi) CEP mechanism, where M* is an intermediate off-shell meson of type 
M. Eikonal and (an example of) enhanced screening effects are indicated by 
the shaded areas. 

momentum transfer through Pomeron i, and are the meson momenta. 
We have 

^Sr^W^fK^) (f) , (2) 

where M is the meson mass and Sjj = (p^ + kj) 2 is the c.m.s. energy squared 
of the final state proton-meson system (ij). In the -k + it~ case the normali- 
sation is set by the total pion-proton cross section a(%p) = (Jo(sij / so)^ ^ 1 . 
The Fm\i) in (T5J) is the form factor of the intermediate off-shell meson and, 
as discussed in [20], it is quite poorly known, in particular for larger val- 
ues of t. Traditionally, a typical 'soft' exponential form is taken Fj^(t) = 
exp (b Q ff(t — M 2 )), and the value of the slope is approximately fitted to re- 
produce the correct normalisation of CERN-ISR data. It is worth mentioning 
that the t-channel state M* could correspond not only to pion exchange but 
also to the exchange of heavier states (01, a2,---), which could modify the 
CEP cross section at moderate pion k±. Such effects, in particular, a 2 ex- 
change, may have already revealed themselves in the new CDF measurement 
of the dipion mass distribution at M n7T < 5.5 GeV at 900 GeV and 1.96 
TeV [4J. Currently there is no deep theoretical understanding concerning 
the form of Fjf(t), which appears to be the 'Achilles heel' of such a non- 
perturbative model. In order to have a better sensitivity to this form factor, 
the meson k±- distributions corresponding to the same data would be very 
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Figure 3: (Left) A typical diagram for the gg — > MM process. (Right) Rep- 
resentative 'ladder' diagram, which contributes to the production of flavour- 
singlet mesons. 



useful. Also a comparison between the k± (M nn ) distributions at 1.96 TeV 
and 900 GeV would probe the size of any possible contamination due to 
proton dissociation. 

Finally, we recall that to calculate the genuine CEP cross section we have 
to include an additional suppression, accounting for screening corrections, 
that is the eikonal survival factor, S e ik, and the enhanced survival factor, S en h, 
depicted in Fig. [2] in terms of Pomeron exchanges. Following [20], we also 
introduce an extra suppression of the form of exp(— n), corresponding to the 
small Poisson probability not to emit other secondaries in the PIP — > M 3 M^ 
process, where n(s M j^) is the mean number of secondaries. 

2.2 Perturbative CEP mechanism 

At higher values of the meson k± we model the meson pair CEP process using 
the pQCD-based Durham model, as in Fig. [TJ To calculate the gg — > MM 
subamplitude we generalise the 'hard exclusive' formalism used to calculate 
the 77 — > MM cross section j32j[33] . We then calculate the relevant parton- 
level helicity amplitudes for the gg — > MM process, for the production of 
scalar flavour-nonsinglet meson states (irir, K + K~, K°K ). There are seven 
independent Feynman diagrams to compute - a representative diagram is 
given in Fig. [3] (left). The results of explicit calculations are given in [20J. 
The gg — > MM amplitude has a remarkable property: for J z = gluons 
it vanishes at LO for scalar flavour-nonsinglet mesons, which, recalling the 
J z = selection rule [MIEI] that strongly suppresses the CEP of non-J z = 
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states, will lead to a strong suppression (by ~ two orders of magnitude) in 
the CEP cross section. As a result, we may expect the perturbative contri- 
bution to the continuum background to Xc 7r + 7r~ to be small. It is also 
found [20], that the \J Z \ = 2 amplitude is additionally suppressed by the 
presence of a 'radiation zero' at a particular value of the scattering angle. 
An important consequence of this is that the 7r°7r° QCD background to the 
77 CEP process is predicted to be small. As discussed above, in [25] CDF 
reported the observation of 43 77 events with 1*7(7) | < 1.0 and Et(j) > 2.5 
GeV. In this analysis special attention was paid to the possible background 
caused by 7r°7r° CEP, since the photons from tt° — > 77 decay can mimic the 
'prompt' photons from gg — > 77 CEP. Importantly, CDF has found that the 
contamination caused by 7r 7r CEP is very small (corresponding to a ratio 
iV(7r 7r )/iV(77) < 0.35, at 95% CL), supporting this result (which predicts 
iV(7r 7r )/;V(77) ~ 1%). The first CMS results on 77 CEP will be available 
soon [SJ. 

It is also possible for the qq forming the mesons to be connected by 
a quark line, as shown in Fig. [3] (right). These will only give a non-zero 
contribution for the production of SU(3)i? flavour-singlet states, i.e. 7/77' 
and, through 77-77' mixing, 7777 and 7777' production. The explicit amplitudes 
are given in [20], but the crucial result is that the J z = amplitudes do not 
vanish as in the case of flavour non-singlet mesons, and so we will expect 
77't7' CEP to be strongly enhanced relative to, for example, nn production, 
due to the J z = selection rule which operates for CEP. In the case of 7777 
production, the flavour singlet contribution will be suppressed by a factor 
sin 9p, where Op is the octet-singlet mixing angle, and this may therefore 
be comparable to the \J Z \ = 2 flavour-octet contribution. In fact, after an 
explicit calculation we find that the 7777 CEP cross section is expected, in the 
regions where the perturbative formalism is applicable, to be dominant over 
7T7T CEP. 

It is also worth mentioning that studies of 7/77', 7/77 and 7777 CEP could 
provide unique information about the gluonic component of the 77' (and 77) 
mesons. In particular, any gg component of these mesons will contribute to 
the CEP process via diagrams as in for example Fig. [31 but with one or both 
quark lines replaced by gluon pairs with the correct quantum numbers to form 
the 77(77') state. Indeed, we find by explicitly calculating the corresponding 
gg — > gggg and gg —> ggqq amplitudes |34J that the r/'r/', rfr) and 7777 CEP cross 
sections display significant sensitivity to the size of this gg component. As 
discussed in [28], there is uncertainty regarding the size of such a component, 
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and so the observation of these CEP processes could shed some important 
light on the issue. We may expect new results on this to come from further 
analysis of the existing CDF data as well as from the CMS/Totem (ATLAS) 
special low-luminosity runs [I]. 

3 Exotic charmonium— like states: a comment 
on the CEP of the X(3872) 

The CEP mechanism could also provide a complementary way to shed light 
on the nature of the large number of 'exotic' XYZ charmonium-like states 
which have been discovered over the past 10 years, see for example [35] for 
a review. In some cases the J PC quantum numbers of these states has not 
been determined experimentally, and often a range of interpretations are 
available for these states: a D°D molecule, tetraquarks, ccg hybrids, the 
conventional cc charmonium assignment, and more generally a mixture of 
these different possibilities. Considering in general the CEP of such objects, 
then the Jf = + selection rule which (T61I3T] strongly suppresses the CEP 
of non- J.f = + states, as well as a measurment of the distribution in the 
azimuthal angle <fi between the transverse momenta of the outgoing protons 
(as in e.g. [T0l[T2] ) , may help to fix the quantum numbers of the centrally 
produced system. Moreover, since the original cc pair is in this case produced 
at rather short distances, the CEP process can probe the wavefunction of the 
corresponding charmonium at the origin. 

The well-known A (3872) is a particularly interesting example of this, as 
it was the first such state to be discovered (by BELLE in 2003 [36]), with 
a concrete interpretation for it still remaining elusive. It has become even 
more topical with the recent establishment of its quantum numbers to be 
J PC = 1 ++ by LHCb |37] . an assignment which leaves both the more exotic 
and the conventional Xei(2 3 -Pi) interpretations in principle available, as well 
a combination of, for example, the cc and molecular D meson states, see for 
example [38J for a review. 

The A (3872) has been seen in prompt inclusive production at both the 
Tevatron and LHC, and this raises the interesting possibility of observing 
its production in the exclusive channel. Such an observation would first of 
all probe the direct (i.e. not due to feed-down from the decay of higher 
mass states) production channel gg — > A of this state. If the A (3872) is 
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a D°D molecule, then the binding energy of this would have to be very 
small, and so such a loosely bound system would have to be produced with 
a very small relative k± in the D D rest frame, corresponding to a large 
separation between the mesons. As discussed in [SHED], the hadroproduction 
of such a state with the size of cross section observed in the X(3872) case (see 
e.g. [41]), if possible at all, should in general take place in an environment 
where additional particles are emitted, so that the initially produced short- 
distance cc pair can form a loosely-bound, D°D state, at long distances. We 
would expect such a transition to be quite rare in the exclusive case, where no 
additional particles can be present, and so the observation of X(3872) CEP 
would on general grounds disfavor such a purely molecular interpretation. 

For a conventional x c i(2 3 Pi) state, the ratio of the CEP cross sections 
cr(xci(2P))/cr(xci(l-P)) is predicted to first approximation (ignoring reason- 
ably small corrections due to the different masses, relativistic effects etc) to 
be simply given by the ratio of the respective squared wavefunctions at the 
origin |<// p (0)| 2 . That is, we will expect them to be of comparable sizes. More- 
over, we should recall that the CEP of the ground-state XdO-P) has already 
been observed by LHCb [29], thus raising the possibility of such a measure- 
ment in the same experimental conditions. This result of course depends on 
the conventional charmonium interpretation for the X(3872) being valid. If, 

as may be more realistic, it is a mixture of a Xci(2P) and a molecular D D 
state, then the size of this ratio will also be driven by the probability weight 
of the purely cc component; if this is small, that is the molecular component 
is dominant, then the X(3872) cross section will be suppressed relative the 
to the Xd(lP)' as discussed above we would not expect the molecular com- 
ponent to be accessed in an exclusive environment. In this way, the CEP 
mechanism could shed light on the nature of this puzzling state. 

4 Gap survival probability 

The soft survival factor S 2 plays a crucial role in the evaluation of the rate 
of CEP processes, but to compute this suppression factor we have to apply 
a given model of soft hadron scattering, see for example [HET]. Before the 
Totem data on elastic proton-proton scattering at 7 TeV [32] became avail- 
able a value of S 2 ~ 0.02 at 14 TeV was preferred by the Durham and other 
theory groups, see e.g. (UBS] and [H] for discussion and further references. 
However, these model expectations underestimated the total proton-proton 
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cross section, a t , at 7 TeV, as measured by Totem [32]. Since the probability 
of additional interactions is proportional to a t , a larger value for this will 
lead to a smaller gap survival probability S 2 . 

There are two types of additional inelastic interactions: the rescattering 
of the incoming soft parton spectators, and the interaction of the interme- 
diate partons, created in the evolution of one proton with another proton. 
The corresponding probabilities of gap survival are denoted by S 2 ik and S 2 nh , 
respectively. In the latter case the partons in the evolution have a relatively 
large transverse momenta, kt, and correspondingly a relatively small (oc l/&f) 
absorptive cross section. The main suppression is therefore provided by in- 
elastic interactions of the parton spectators, and so here we will only consider 
the case of 'eikonal' screening S 2 ik (for more details of the calculation of the 
'enhanced' survival factor S en h, see e.g. [131115] and references therein). 

In the one-channel eikonal model the probability of no additional in- 
teractions is directly related to the elastic scattering amplitude. In impact 
parameter, b, space 

5 eik = |1 + iA(b)\ = exp(-n(6)/2), (3) 

where the 'partial wave' elastic amplitude is given by A(b) = i (1 — exp(2id(b))) 
and Q = 4Im5(6). Neglecting the small (p = KeA/lmA <C 1) real part of the 
elastic amplitude, the function A(b) can be obtained from experimental data 

where t = —qf, Jo is a Bessel function and we normalized so that A = i 
corresponds to the black disk limit of the elastic amplitude. 

At the first sight it appears that ( 13141 define the value of S^ik unambigu- 
ously. However, the problem is that such a model only accounts for the proton 
in the intermediate state, and neglects the possibility of p — > N* excitations. 
Moreover, data from old fixed target experiments indicate that the probabil- 
ity of 'quasi-elastic' pp — > pN* processes is as large as 30% [35]. To allow for 
these p — > N* transitions we have to use the Good- Walker formalism [47], 
decomposing the incoming proton wave function into a number of eigenstates 
\p) = Yl^'t'i) which diagonalize the amplitude A^ = fiiSik- Each eigenstate 
\4>i) has its own interaction cross section, cij oc and its own radius Ri. As 
a rule, the existing models include two or three such diffractive eigenstates. 
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An open question is how the partons in the incoming proton wave function 
are distributed between these states Global parton analyses only probe 
the distribution summed over all the states, f(x) = fi( x )\ a i\ 2 -> but not the 
distributions, fi(x), in each individual state. The situation was not so crucial 
at lower energies, when the transparency of the disk, that is S^k = 1 +iA(b), 
was relatively large. But now the Totem data indicate that at small impact 
parameters, b — > 0, the elastic amplitude has already reached the black disk 
limit (A = i), and in this case the resulting gap survival factor, S 2 ik becomes 
very sensitive to the distribution of the partons between the different Good- 
Walker eigenstates. 

It appears to be most natural to assume that the parton density in a 
state \(pi) is proportional to its cross section, that is to However we can 
not exclude the possibility that, for example, gluons are mainly concentrated 
in the state with the largest cross section (largest /%) while the quarks are 
concentrated in the state with the smaller In the interaction of two 
eigenstates \(j>i) with the largest cross section, saturation may be reached up 
to a rather large b ~ 0.7 fm, that is almost the whole disk becomes 'black' 
with Sl x = 0, while for the two smallest eigenstates, say |0 3 ), saturation is 
only reached in the centre, b < 0.1 fm, with S 2 3 ~ 1 over most of the impact 
parameter range (b > 0.2 fm). 

Assuming that the parton distributions are proportional to the optical 
density, • fa oc fi ifc (6) and using the model of [IB] it is found that at 
y/s = 14 TeV the survival factoiH 5g ik = 0.005. However this value could be 
2-3 times larger if the gluons are distributed between the \<pi) states more ho- 
mogeneously. It should furthermore be emphasized that currently there is no 
model which can describe not only the total and elastic pp-cross sections but 
also the cross sections of low mass proton (p — > N*) dissociation in the LHC 
energy region sufficiently well. Thus at the moment we can only estimate the 
expected gap survival probability for exclusive Higgs production at a/s = 14 
TeV, with S 2 ~ 0.01 — 0.004. Clearly we need both a better understanding 
of the experimental data@ for proton-proton scattering (including low mass 

3 Throughout this note, when quoting such values for the soft suppression factors we 
are more precisely referring to the value of the survival factor averaged over the outgoing 
proton p±, i.e. (S% ik ), see e.g. [10]. Similarly in the case of the S^ nh it is the survival factor 
averaged over the parton k± that is relevant. 

4 As discussed in [49] . one of the best ways to monitor the soft survival factor experi- 
mentally is to measure dijet CEP over a wide interval of the jet transverse momentum p± . 
The AFP [51(7] and HPS [I] facilities, in combination with central detectors, could provide 
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Figure 4: Cross section for SM Higgs CEP as a function of the Higgs mass, 
Mh, integrated over the rapidity interval —2.5 < yu < 2.5. NLO K-factor 
included. 



p — > N* dissociation), and a better theoretical model to describe all of these 
data. 



5 Higgs boson CEP 

The expectations for the CEP of the SM Higgs boson at 14 TeV are illustrated 
in Figs. HI |5] and [6j For the combined enhanced and eikonal soft survival 
factor we have S 2 = 0.01, although, as discussed above, at yfs = 14 TeV 
there is an important uncertainty in this value, and it may in particular be 
somewhat smaller. On the other hand, as discussed in [28J we may also expect 
higher order corrections to increase the cross section by a factor of ~ 2 or so. 
Although there is therefore some important uncertainty in the corresponding 
estimates for Higgs boson CEP at y/s = 14 TeV, we note that applying the 
same model with the LO PDFs, which give the larger cross sections in Fig. HJ 
there is good agreement with the CDF 77 data [25J , with the CTEQ6L [51] set 
giving the closest value. In Fig. [5] we show the corresponding Higgs rapidity 

important experimental information about the behaviour of the soft survival factor. 

5 In this mass and y/s region, the suppression due to S^ nh is only expected to be weak [45j 
[33. 
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Figure 5: Rapidity distribution da/dyn for a Mh = 126 GeV SM Higgs 
boson, using CTEQ6L PDFs. 
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Figure 6: Cross sections for the CEP of scalar J p = + and pseudoscalar 
J p = 0~ particles of the Higgs sector as a function of the Higgs mass, M H , 
integrated over the rapidity interval —2.5 < yu < 2.5. 
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distribution for the CTEQ6L PDF set, for M H = 126 GeV. In Fig. ©we show 
the cross section for the case of a scalar J p = + and pseudoscalar J p = 0~ 
particle of the Higgs sector, using CTEQ6L PDFs. As expected from the 
J P = + selection rule [T6"jl3~T] which operates for CEP, the cross section in 
the case of the scalar state is much (~ 2 orders of magnitude) larger. 

While the predicted scalar Higgs cross sections are quite small (~ fb), 
we recall that the CEP process provides an exceptionally clean and com- 
plementary handle on the properties of a Higgs or Higgs-like particle. This 
provides a motivation for the addition of forward proton detectors at 420m, 
as proposed in the FP420 LHC project [14J, which are essential if such a 
measurement is to be performed. 

6 A fresh look at the MSSM Higgs CEP 

Though the observed properties of the newly discovered Higgs-like state are 
in agreement with those of the SM Higgs boson [15], this spectacular LHC 
discovery is also compatible with the expectations of the Higgs sector of the 
MSSM, where the new state could be interpreted as either the light, h, or 
the heavy, H, CP-even MSSM Higgs boson, while maintaining a SM-like 
behaviour, see [52] for details^. Since the MSSM is currently one of the 
most widely used and well studied BSM scenarios, here we briefly discuss the 
present expectations for the CEP of the MSSM Higgs bosons, following the 
approach of [TT||53]. 

Assuming that the new state is a light MSSM /i-boson, Fig. [7] shows the 
results for the CEP of the MSSM Higgs bosonfl One immediate observation 
is that the h CEP yield is only weakly dependent on Ma, reaching a cross 
section level of around 1.5 fb, up to a factor of ~ 2 theoretical uncertainty. 
Thus, after accounting for the new LHC results (contrary to the earlier ex- 
pectations of [53]) the event rate for the MSSM /i-boson cannot be much 
higher than that for the SM Higgs. 

The situation for the CEP of the heavy MSSM if -boson does not appear 
to be very promising. Accounting for the recent LHC data and low-energy 
observables, and again under the assumption that the newly observed state 

6 VAK thanks Georg Weiglein for a discussion on the interpretation of the discovered 
Higgs-like particle within the MSSM framework. 

7 Courtesy of Marek Tasevsky, see also [5fi, 55 . Note that after taking into account the 
LHC-2012 data the allowed MSSM parameter region will shrink further [55] . 
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is a light MSSM /i-boson, the preferred values [52] of the heavy neutral 
Higgs masses should be comparatively large (exceeding 250 GeV or so), which 
is within the acceptance of the 220-240m forward proton detectors |H[7]. 
However, the effective Pomeron-Pomeron luminosity L cS for Higgs boson 
CEP decreases rapidly with the Higgs mass M, being given approximately 
by HUES] 

L eS oc \j (M + 16 GeV) 3 ' 3 . (5) 

Including the other mass dependent factors as in [11] , we find that for a 
if-boson mass of 300 (400) GeV the expected cross section is about 0.01 fb 
(0.001) fb. After accounting for the experimental acceptances and efficiencies 
in the spirit of [XT] (which will reduce the rate by an additional factor of ~ 0.1 
or so), even with an integrated luminosity of 500-1000 fb -1 , the event rate 
will be too low to provide a reasonable significance^). This conclusion should 
of course not be generalized to all other BSM Higgs scenarios, some of which 
might be more favourable. 

If we take a more exotic interpretation, where the newly discovered Higgs- 
like particle is a heavy CP-even MSSM Higgs boson, H, as considered, for 
example in [52j[57], then the discovery of the lighter CP-even state h could 
be very challenging at the LHC due to its expected low mass (60-90 GeV) 
and strongly suppressed coupling to vector bosons. Since the acceptances 
of the proton detectors of the FP420 project [2] should be well within the 
required mass range for the /i-boson, prospects for searching for such objects 
in the h — > bb and h — > rf CEP channels would represent an additional 
advantage of the forward proton approach^). 

Finally we note that the pure pseudoscalar nature of the Higgs boson 
candidate is already disfavoured by the current data [UUSH] and it is not 
unlikely that by the spring of 2013 the LHC will resolve the fingerprinting 
issue of the spin and CP parity of the new object, assuming that the latter 

8 In addition, we have to keep in mind that at higher LHC luminosities the pile-up 
background could cause a severe problem for CEP measurements, even if/when the fast 
timing detectors with precision vertex resolution [U[7] are installed. 

9 Note however that the situation with the irreducible QCD bb CEP background may 
worsen in the low end of the expected range of the /i-boson masses. This is due to the 
fact that in the bb CEP channel the signal-to-background ratio in general scales like 
~ Mjj barb , [19]. Proton tagging with FP420 would also provide a means to search, via the 
Ii2 — > bb channel, for the lightest (largely singlet) Higgs boson, of mass ~ 98 GeV, of 
the NMSSM scenario [58] where the LHC Higgs-like signal is associated with the heavier 
Higgs boson, hi. 
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Figure 7: Cross sections at 14 TeV for h(H) -»■ bb CEP in the M A - tan/3 
plane of the MSSM within the M™ ax benchmark scenario [541155]. The h- 
boson cross section is shown on the top and the if -boson case on the bottom. 
The blue (red) shaded region corresponds to the parameter region excluded 
by the LEP (LHC-2011) Higgs boson searches. The 122 < M h < 128 GeV 
region corresponds to the identification of the observed 126 GeV mass state 
as a light h boson, with approximate (and slightly inflated) theory and ex- 
perimental uncertainties, corresponding to the 2011 LHC data. 
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is conserved in the Higgs sector. However, it will take much more effort to 
determine whether the observed Higgs-like state has a definite CP-parity, 
and to probe the strength of any possible CP- violation, see [60] for a review, 
in particular Section 3, where the MSSM scenarios with CP-violation are 
discussed. As shown in [19], the CEP process could become a very promising 
(and in a sense unique) tool to probe the CP-parity of the Higgs-boson 
candidate. A specific CEP prediction, in the case of a CP-violating Higgs 
boson, is the asymmetry in the azimuthal ip distribution of the outgoing 
protons, caused by the interference of the CP-odd and CP-even vertices 
in the gg — >■ H matrix element. The polarisations of the incoming active 
gluons (see Fig. [JJ are aligned along their respective transverse momenta, 
and the contribution caused by the CP-odd term in the gg —¥ H vertex is 
proportional to the triple-product correlation 

n ■ (pi± x p 2 x) ~ sinyj , 

where uq is a unit vector in the beam direction and p%,2 are the momenta 
of outgoing protons. In the scenarios discussed in [THEE] the expected inte- 
grated counting asymmetry 

A= (6) 
a(ip < 7Tj + a{ip > it) 

could be quite sizeable. Other ideas to search for a direct observation of a 
CP-violating signal in the Higgs sector in CEP are discussed, for instance, 
in [62]. 



7 Conclusion 

To conclude, CEP processes offer a rich phenomenology at high-energy col- 
liders. Future CEP data from the LHC and RHIC (as well as new analyses 
from the Tevatron) will undoubtedly shed further light on the theory of CEP 
and exclusive processes. The installation of forward proton tagging detectors 
in the ~200m (AFP and HPS, Stage 1 projects) and 420m regions around 
ATLAS and/or CMS as well as the already ongoing promising program of 
combined CMS-Totem data taking would certainly add rich unique capabil- 
ities to the existing LHC experimental studies. We are looking forward to 
new exciting adventures in Exclusiveland. 
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